A stochastic model of fragmentation of molecular clouds has been developed for studying the resulting Initial Mass Function (IMF) where the number of fragments, inter-occurrence time of fragmentation, masses and velocities of the fragments are random variables. Here two turbulent patterns of the velocities of the fragments have been considered, namely, Gaussian and Gamma distributions. It is found that for Gaussian distribution of the turbulent velocity, the IMFs are shallower in general compared to Salpeter mass function. On the contrary, a skewed distribution for turbulent velocity leads to an IMF which is much closer to Salpeter mass function. The above result might be due to the fact that strong driving mechanisms e.g. shocks, arising out of a big explosion occurring at the centre of the galaxy or due to big number of supernova explosions occurring simultaneously in massive parent clouds during the evolution of star clusters embedded into them are responsible for stripping out most of the gas from the clouds. This inhibits formation of massive stars in large numbers making the mass function a steeper one.
dense molecular clouds which are fugacious in features, are the key ingredient relative to star formation. The fragmentation occurs due to gravitational collapse of a certain fraction of the molecular cloud when its mass is higher than a critical mass, known as Jeans mass (Jeans 1902) and this continues until the fragmented mass switches over from isothermal to adiabatic phase. Recent studies (Padoan and Nordlund 2002, 2011; Machida et al 2005; Federrath and Klessen 2012; Hopkins 2012; Girat et al. 2013 ) have shown that gravity and thermal pressure alone are not sufficient to explain star formation, instead turbulence, magnetic field and feedback are the other processes taking active role in star formation. The final stellar mass frequency distribution i.e the Initial Mass Function (hereafter IMF) thus obtained, delivers as the most important tool to study the star formation mechanism. However to find the origin of IMF is still difficult and one of the most profound problem in modern astrophysics. Salpeter (1955) , in his seminal work, for the first time, showed that the IMF is a single power law distribution for the massive stars of the form, dN/dlogm ∼ m −Γ , for 0.4 M ⊙ ≤ m ≤ 10 M ⊙ , with index Γ ∼ 1.35, where m is the mass of a star, N denotes the number of stars within some logarithmic mass range m and m + dm. In linear mass units, dN/dm ∼ m −α makes it possible to estimate the number of stars within the same mass range with α = Γ + 1. But for the less massive stars Miller and Scalo (1979) found that a log normal shape is more likely rather than power law shape. Few years later, the concept of segmented power law was derived (Kroupa et al. 1993; Kroupa 2001 Kroupa , 2002 by which the shape of IMF was found to be the joining of two power law segments, one for low mass stars and another for high mass ones. Chabrier (2003a Chabrier ( , 2003b Chabrier ( , 2005 agreed with the lognormal shape for the low mass ii stars along with a power law shape above a certain mass (∼ 0.3 M ⊙ ) (Larson 2005; Chattopadhyay et al. 2011) . Further theoretical and observational works were pursued in this field by many authors like De Marchi et al. (2005) , Zinnecker and Yorke (2007) , Bastian et al. (2010) and Kroupa et al. (2013) . Collecting data from two satellites Hercules and Leo IV, Geha et al. (2013) showed that the IMF for the Milky Way is flatter than Kroupa IMF in the high mass regime but consistent with it in the low mass regime. By observing some massive galaxies Smith and Lucey (2013) , Smith et al. (2015) , Newman et al. (2017) found that these galaxies have IMF consistent with Milky Way IMF but inconsistent with Salpeter or Steeper IMF. The IMFs are most extreme in the central regions of massive galaxies (Martin-Navarro et al. 2015 ; La Barbera et al. 2017 ). Arny (1971) for the first time has discussed that if the interstellar clouds are predominated by supersonic turbulence (observed by Larson 1981) then the critical mass of gravitational instability is controlled by turbulent velocity rather than by the temperature. Thus the resulting mass spectrum is determined by interstellar turbulence (Larson 1979 (Larson , 1981 Falgarone et al. 1991) . The transient structures of molecular clouds which lead to the fragmentation process are produced mainly due to supersonic turbulent motion (McCrea 1960 (McCrea , 1978 Larson 1981) , gravitational instability, magnetic field and stellar feedback (Padoan and Nordlund 2002; Machida et al. 2005; Girart et al. 2013) . Supersonic turbulence motion for massive stars have vital contribution to describe the theory of hierarchical fragmentation process (Mac Low and Klessen 2004; Krumholz and McKee 2005; Hennebelle and Chabrier 2011; Padoan and Nordlund 2011; Federrath and Klessen 2012; Hopkins 2012) .
There are many models to explore the fragmentation process of massive as well as low mass stars but the actual processes are perhaps more complicated as the observational evidences are limited to certain ranges. Considering fragmentation as a random process Elmegreen and Mathieu (1983) found a lognormal shape to the resulting mass spectrum after four or five iterative steps but inclusion of turbulence (Elmegreen 1997) in this process changed the former shape into a power law form. Chattopadhyay et al. (2003) considered a time dependent random fragmentation model where Poisson process is taken into account for generating the interoccurrence time between successive fragmentation events and the resulting IMF is a single power law with a steeper slope than Salpeter slope. In all the above models the resulting mass distribution is a single power law which disagrees with the observational evidences which is actually a segmented power law (Kroupa et al. 1993; Kroupa 2001 Kroupa , 2002 . Chabrier (2003a Chabrier ( , 2003b Chabrier ( , 2005 also found a mass function which is a combination of a log-normal at lower masses and the Salpeter power law at higher masses. A stochastic model was developed by Chattopadhyay et al. (2011) for hierarchical fragmentation of molecular cloud using Metropolis-Hastings algorithm which generated the fragment masses and the resulting mass spectrum as a segmented power law that is consistent with observations. The Hierarchical fragmentation process has been discussed recently by many authors (Dobbs et al. 2014; Heyer and Dame 2015; Contreras et al. 2016; Li et al. 2017 ). From the above discussion it is clear that a proper theory of time dependent random fragmentation predominated by turbulence within molecular clouds may play a significant role in determining the initial mass function (IMF). The present work motivates from the above fact.
In the present work, a time dependent random fragmentation model has been considered in the presence of turbulence having two distinct distributions e.g. Gaussian and Gamma, to investigate how the IMF behaves independently for the molecular cloud mass range 10 3 M ⊙ to 10 4 M ⊙ (leading to Open Clusters) and 5×10 4 M ⊙ to 10 6 M ⊙ (leading to Globular Clusters) using Monte Carlo technique. Section 2 gives the description of the mathematical model. Section 3 describes numerical simulation, results and discussion. Finally conclusions have been outlined in Section 4.
MATHEMATICAL MODEL

Mass distribution and fragmentation
In the present model, a random hierarchical fragmentation of big turbulent molecular clouds has been considered where, the number of fragments (N F ) formed in each hierarchical step, the interoccurence time between successive fragmentation (t) in a particular time step of the hierarchy, mass of each fragment (m f ), number of fragmentation steps (n) and turbulent velocity of the fragments (v) are considered as random numbers. The scenario of hierarchical fragmentation of molecular clouds has been first introduced by Hoyle (1953) and later density inhomogeneity has been observed in several molecular clouds (Meijerink et. al 2007; Schleicher et al. 2010) . Subsequent observations show (Sitnik 1989; Schwarz 1990; Song 2010) there is large variation in the masses, ages, structures (continuous or filamentary), turbulence pattern in several molecular clouds observed in different regions of our Galaxy. There is no globally accepted theory so far to explain such variations. Therefore a random fragmentation model has been developed.
The concept of random fragmentation theory was illustrated earlier by many authors (Feller 1940; Elmegreen and Mathieu 1983; Chattopadhyay et al. 2003; Chattopadhyay et al. 2011 ) to find the model based stellar distribution as a result of fragmentation in a molecular cloud. Elmegreen and Mathieu (1983) considered a time independent model and took Gaussian distribution for initial distribution of fragments and studied the resulting mass spectrum using Markov Chain Monte Carlo technique. A time dependent random fragmentation model of a rod of length l was considered by Feller (1940) where he computed that the probability of getting average number of random parts of a total length l, with each part having a length exceeding the length x as,
where, N F is the number of random parts while dividing randomly a rod of length l. Thus if N F be the total number of fragments formed within a molecular cloud during a given time interval t 1 , the probability that the inter-occurrence time elapsed in successive fragmentations will not exceed t during a particular time step t 1 in the hierarchy, is given by, (Chattopadhyay et al. 2003) , where t is a random event following the distribution function, (Chattopadhyay et al. 2003 ) and the estimate of λ= 1 t , where, t ≤ y n , is the average inter-occurrence time of fragmentation (Chattopadhyay et al. 2003) . Here y be the maximum duration of fragmentation in each hierarchical time step and n is the number of fragmentation steps in the hierarchy. Further,
where M is the mass of the parent cloud and m n is the minimum mass of a fragment.
In this work we develop a time dependent random fragmentation model with turbulence as one of the key parameters. For hierarchical fragmentation of the turbulent parent cloud, we generate the fragmented mass by considering the following expression as, ( Fleck 1982) , where, T (in K) is the temperature of the molecular cloud, η (cm −3 ) is the number density in the parent cloud, v (kms −1 ) is the rms turbulence velocity of a fragment and m f (M ⊙ ) is the mass of a clump after fragmentation.
Turbulent velocity distribution
Due to the stochastic behaviour of turbulence, we choose two distribution nature of turbulence velocity.
1. In the first case we choose a Gaussian distribution for the turbulence velocity which has the following form, (Fleck 1982; Federrath 2013) ,
where N (v)dv indicates the number density of turbulent fragments within the parent cloud with rms velocities between v and v + dv, and µ, σ are population mean and variance.
Here estimate of µ is v = 0.42×M 1/5 ef f (Larson 1981) is the average value of v and M ef f = ǫ×M, where ǫ is the efficiency of star formation for the parent molecular cloud, M (M ⊙ ) is the mass of the parent cloud at each fragmentation step and σ is the turbulent velocity dispersion. We set the value of velocity dispersion (σ) as equal to isothermal speed of sound (c s ) (Parker 1958; McCrea 1960 McCrea , 1978 ∼ 0.3 kms −1 (Mach number is unity) (Fleck 1982; Blitz 1993; Williams et al. 2000) in the former case. In another case we take σ is equal to 1.5 kms −1 (Mach number is 5) for Open clusters and 2.4 kms −1 (Mach number is 8), 3.0 kms −1 (Mach number is 10) for globular clusters (Larson 1981; Schneider et al. 2013; Federrath et al. 2016 ).
2. In the second case we consider Gamma distribution for turbulence which has the following form,
where, α and β are parameters. For obtaining α and β we use the following relation, (Larson 1981; Chieze 1987; Ossenkopf and Mac Low 2002) , where A is a random fraction and γ = 0.3 (Ossenkopf and Mac Low 2002) .
The idea of non Gaussianity arises in the turbulent fluid dynamical models of dissipative system in case of large scale phenomena (Yamamoto and Kambe 1991; Llewellyn Smith and Gille 1998; Pereira et al. 2016) where exponential or skewed Gamma distributions are used. Also violent phenomena involve deviation from Gaussianity e.g. high non Gaussian nature of turbulent velocity in solar flares (Jeffrey et al. 2017 ).
Initial choice of different parameters
Here we choose values of a number of parameters to generate fragment masses. The parameters involved in equations (2)-(4) are λ, t 1 , M, m n and n. For equation (5), the corresponding parameters are temperature (T), turbulent velocity dispersion (σ) and number density of hydrogen molecules in the parent cloud (η). Lin (1989a, 1989b) asserted that thermal instability in a protoglobular cluster cloud is comparable to the cooling timescale τ c , where τ c = 3 2 kT ηΛ(x,t) . For a cloud of mass 1.6 × 10 6 M ⊙ and number density η = 270 cm −3 , τ c = 0.9τ d , τ d being the dynamical time. 
10 , 20 η (cm −3 ) 10 4 , 5 × 10 4 , 10 5 , 5 × 10 5 σ (kms −1 ) 0.3, 1.5, 2.4, 3.0
They also showed that the total fragmentation process held on a timescale much shorter than τ d . For a molecular cloud having number density η, varying in the range 10 4 cm −3 − 10 6 cm −3 (Herbst and Klemperer 1973; Bally et al. 1987 Bally et al. , 1988 , the dynamical time scale (i.e. free fall time) is of the order 10 5 years − 10 6 years. Hence we have chosen total time of fragmentation (viz. t 1 ) in that range (viz. Table 1 ).
In our Galaxy we have two types of star clusters , open and globular clusters in the mass regimes 10 2 M ⊙ − 10 4 M ⊙ and 10 4 M ⊙ − 10 6 M ⊙ respectively. Also star clusters are found to be embedded in molecular clouds (Lada and Lada 2003; Yun et al. 2007 ). Hence the masses of the parent clouds have been considered in the range 10 3 M ⊙ -10 6 M ⊙ . The number of hierarchical fragmentation steps also depends on M (viz. equation (4)). We choose the number of fragmentation steps n = 3 for open clusters (Chattopadhyay et al. 2003) and n = 4 for globular clusters (Chattopadhyay et al. 2011) and calculate N F using equation (2) while t 1 = 300000 yrs. The minimum fragment mass is taken as 0.1 M ⊙ (m n ∼ 0.1 M ⊙ ) (Haas and Anders 2010).
In their paper, Goldsmith and Langer (1978) mentioned that in dense interstellar clouds the kinetic temperatures varied from 10 K to 40 K. Thus temperature used for our model is taken in the above range (viz. Table 1). The critical efficiency (ǫ) for molecular clouds are taken here as 0.3 (Lada et al. 1984; Rengarajan 1984) and 0.5 (Wolf and Vanýsek 1986; Chattopadhyay et al. 2011) . All values of the parameters are listed in Table 1 .
Algorithm for numerical simulation
The Cumulative Distribution Function (c.d.f.) for a number of random fragments (N F ) is given by equation (2) when the total number of fragments for a particular time interval (t 1 ) is known and the mass spectrums are generated following the various steps.
Step 1: Equation (3) can be written in presence of a random fraction k 1 (generated at random from Uniform distribution) as,
Generate one t (random) by putting the value of λ in equation (9).
Step 2: Now equation (2) can be written in the following form as,
where k 2 is a random fraction generated from Uniform distribution. Using the above value of t, we calculate N F which is the total number of fragments after a fragmentation step.
Step 3: The mass spectrum can be generated using equation (5) for each fragment where the sum of the masses at each fragmentation is equal to the efficient cloud mass ǫM .
Step 4: Similarly we generate second generation mass spectrum for each fragment generated at random during first generation i.e. repeat steps 1 -4 for each n ( n ∼ 3 or 4).
Finally segmented power laws have been fitted for the generated fragment masses. They are shown in For checking robustness of the results we estimate the values of the slopes for the low mass (viz.α 1 ) and high mass (viz.α 2 ) ranges following a different model developed by Chattopadhyay et al. ( 2015) .
The segmented power law distribution for stellar masses is of the form,
where, m min and m max are the minimum and maximum masses of the stars, m c is the characteristic mass at which the turnover occurs, A, B, α 1 and α 2 are constants.
For cross-checking we estimate α 1 in the low mass regime for our generated masses of the fragments, using the following equation as,
(Chattopadhyay et al. 2015) Thus, for r 1 = 0, m f1 = m min and for r 1 = 1, m f1 = m max , where, m f1 are the masses generated from equation (5) between m min , m c and r 1 is a random fraction generated between 0 and 1.
Similarly we estimate α 2 in the high mass regime using the following equation, (Chattopadhyay et al. 2015 ) Here, when r 2 = 0, m f2 = m c and when r 2 = 1, m f2 = m max where, m f2 are the masses generated from equation (5) between m c and m max and r 2 is a random fraction between 0 and 1.
The estimated values (viz.α 1 andα 2 ) are shown in Tables 4 -5, Tables 8 -9 and Tables 12 -13 (columns  7 -8 of Tables 4-5 , 8 -9, 12 -13 respectively).
RESULTS AND DISCUSSIONS
In the present work we have developed a time dependent model of random fragmentation of molecular clouds which is based on the previous works (Feller 1940; Elmegreen and Mathieu 1983; Chattopadhyay et al. 2003; Chattopadhyay et al. 2011 ) but including turbulence of the fragments arising out of driving mechanisms due to shock waves as a result of explosion in the central region of massive galaxies and other mechanisms e.g. supernova explosions etc. Here a hierarchical fragmentation model has been considered where number of fragments, inter occurrence time of two successive fragmentations, turbulent velocities of the fragments, are all random variables. We have considered two different distributions of turbulent velocity of the fragments, namely, a Gaussian distribution, which is a symmetric distribution and later a Gamma distribution which is merely a deviation from a symmetric distribution on the basis of two physical mechanisms. When the scale of the driving mechanism is weak, then the velocity is random in its highest mode i.e. the entropy is maximum. Then a Gaussian distribution is suitable for such physical environment. On the contrary when there is a large scale driving mechanism e.g. Galactic shocks, as a result of a big central explosion at its centre or supernova explosions of many massive stars at a time etc. then there is a large deviation from the randomness i.e. the randomness is reduced somewhat and we can consider non Gaussian distributions like Gamma distribution having an entropy which is therefore not a maximum one (Yamamoto and Kambe 1991; Llewellyn Smith and Gille 1998; Pereira et al. 2016; Jeffrey et al. 2017 ). Hence we have considered these two distributions for the present study. Finally we have computed the mass spectrum in these molecular clouds of various masses and fitted segmented power laws and compared with the observed ones. The following features have been observed.
• For Gaussian distribution of turbulent velocities of the fragments and for the same parent cloud mass, as the efficiency (ǫ) increases, the power vi laws become flatter in the high mass range for both high and low temperatures. In low mass range it is steeper for low temperature having both low and high efficiencies. In the low mass range it is also steeper for high temperature, low efficiency and flatter for high temperature and high efficiency, for clouds resulting into masses comparable to those of open clusters (Tables 2 and 3) . This might be due to the fact that as efficiency increases formation of more massive stars become more frequent making the power law flatter in the high mass range contrary to the reduction of too many low mass fragments turning it to a steeper one. As the temperature increases, for higher efficiency, may be the turbulence is the key parameter which helps to produce low mass fragments in larger numbers perhaps due to elastic collisions among the fragments. Tables 4 -5 show the estimates of the slopes (viz.α 1 ,α 2 ) computed with the model developed by Chattopadhyay et al. (2015) as a robustness check. These are also consistent with the slopes found using the present model for similar values of the parameters.
• The change in the slopes (viz. α 1 , α 2 ), for clouds leading to open clusters is much higher compared to those leading to globular clusters for a change of efficiency as well as change of the initial temperature of the clouds. Also the values of α 2 are closer to Salpeter index (∼ 2.35) in case of clouds forming open clusters than those forming globular clusters. The values of α 1 are much higher than the observed ones (∼ 0.25-0.3) in case of open clusters than globular clusters. This leads to the conclusion that formation of massive stars are less likely in open clusters than in globular clusters in general. This is very natural as the masses of globular clusters are largest by almost an order of two in extreme cases. This is to be noted that the turbulent structure in the present model is Gaussian. The mean value of the turbulence is proportional to the efficient mass of the parent cloud consumed in star formation. As the efficient mass increases (e.g. in case of massive clouds) the mean value of turbulent velocity also increases which is responsible for increasing the mass of the fragment. This in turn produces more massive stars resulting a rather flat mass spectrum in massive star clusters. This fact is in contrast with the case of parent clouds leading to the formation of open clusters of smaller masses.
• It is evident from Figures 1 -4 and Tables 8 -9 , that with the increase of velocity dispersion (∼ σ), the resulting mass spectrum has a wider range. This result might be due to the increase of collision rate among the fragments (Field and Saslaw 1965, equation III.1) which is responsible for producing a wider range of masses as a result of fragmentation.
• When the turbulent distribution is one of Gamma type (i.e. positively skewed) then the mass functions both for high and low mass ranges of the fragments are comparable to Salpeter slope for high mass end and to the observations (∼ 0.3) of low mass stars for various combinations of initial values of the parameters (see Tables 10 -11 Gaussian turbulence profile may produce globular clusters in massive clouds but their mass functions will be shallower and vary much from Salpeter mass function (Figer et al. 1999; Stolte et al. 2002; Sung et al. 2004; Kim et al. 2006; Stolte et al. 2006; Harayama et al. 2008; Espinoza et al. 2009 ). This may be due to the fact that large scale driving mechanism accentuates the escape process of gas from parent clouds leaving little gas for formation of massive stars further which makes the mass function steeper (e.g. Salpeter type). Thus IMFs in star clusters are not universal but vary vii from cloud to cloud and from galaxy to galaxy (Dabringhausen et al. 2009; Gunawardhana et al. 2011; Dabringhausen et al. 2012; Marks et al. 2012; Ferreras et al. 2013; Romano et al. 2017 ) depending on the local or global environments of the parent clouds. The present model deals with the turbulent structure of fragments resulting out of time dependent hierarchical fragmentation of molecular clouds lying in the central region of our Galaxy. Two patterns of turbulence have been considered, namely, Gaussian and Gamma distributions. It is found that for a Gaussian distribution, the IMFs are much flatter than Salpeter IMF in the high mass regime and steeper in the low mass regime compared to the observed slopes . On the contrary, the IMFs are comparable to the Salpeter mass function in the high mass regime for a Gamma distribution. The matching is more pronounced in case of initial higher temperature, higher efficiency and for massive parent clouds. The fact may be explained by the driving mechanism prevalent in the environment which originates at the centre of giant galaxies as a result of big central explosion and deviates the pattern of turbulence from a symmetric to one of skewed distributions.
x Table 2 Segmented power-law fit for different initial choices of parameters (leading to open clusters) and for a Gaussian distribution of turbulent velocity Table 3 Segmented power-law fit for different initial choices of parameters (leading to globular clusters), for a Gaussian distribution of turbulent velocity 
